" Our expectation is that gaining a deeper understanding of tumor biology, together with the bio-nano interactions and biomarker availability, could allow us the development of individualized and more precise nanomedicines. "
geometry, etc., the microenvironment and intrinsic heterogeneity of tumors is often overlooked. As an example, most of the FDA-approved nanotherapeutics that are administered intravenously rely on passive accumulation through the leaky vasculature present in tumors, known as the enhanced permeability and retention (EPR) effect. It is now known that the EPR effect can substantially vary between tumors types, patients and even over time, leading to difference in nanoparticle biodistribution and lack of uniformity [1] . Our expectation is that gaining a deeper understanding of tumor biology, together with the bio-nano interactions and biomarker availability, could allow us the development of individualized and more precise nanomedicines. Therefore, in precision nanomedicine, a particular tissue, cell, metabolic microenvironment or marker (i.e., cell receptor) will be the main target, using the information provided by the biomarker to generate an active-responsive diagnostic or therapeutic effect with improved precision.
With this in mind, nanoparticles can be coated with targeting moieties such as antibodies, aptamers, peptides and small molecules that bind and recognize molecules associated with cancer [2, 14] . For diagnostics and imaging applications, nanoparticles can be fluorescent or contain moieties that enhance current clinically imaging techniques such as computed tomography, MRI and positron emission tomography [2] . On the other hand, improved therapeutic outcomes have been achieved using targeted nanoparticulate systems loaded with chemotherapeutics or genes, leading to more precise delivery of cargo into the target tissue [14] . Out of increasing interest is the use of multifunctional nanoparticles that allow both diagnostics and therapy, known as theranostics, providing a more precise in vivo tracking of therapeutics via bioimaging modalities.
How can we more fully exploit precision nanomedicine to improve outcomes from prostate cancer treatment? Clinicians have employed prostate cancer biomarkers since 1930s in the management of the disease [15, 16] . The discovery of PSA, a protein biomarker present in serum, revolutionized diagnosis and management of prostate cancer [15] . However, in recent years it has become apparent that PSA as a diagnostic test is not cancer-specific and lacks prognostic ability -in other words, it cannot adequately distinguish between aggressive and indolent cancers [15] [16] [17] . This issue has contributed to the considerable over-treatment of men with low-risk and indolent prostate cancer. As a result, identifying novel prostate cancer biomarkers to improve prognosis, diagnosis and monitoring of therapeutic response have become paramount to optimize drug development and patient care. Among them, of particular relevance to precision nanomedicine are cell surface protein markers, circulating tumor cells (CTCs) and genomic biomarkers.
A cell surface receptor that has dominated the literature in the past few years is PSMA [2, 14] . PSMA is a transmembrane protein overexpressed in highly aggressive prostate cancer cells, such as LNCaP. This receptor has attracted attention given its upregulation with increased invasiveness of disease [18] . Another interesting feature, which can be exploited for precision nanomedicine, is that it has a signal that enables the protein on the cell surface to be internalized into an endosomal compartment [19] . Altogether, this has made PSMA a powerful antigenic target used for diagnosis, imaging, prediction and therapeutic interventions of prostate cancer. Different anti-PSMA antibodies, aptamers, peptides and small molecules (e.g., glutamate urea or folic acid) have been investigated as active targeting moieties for nanomedicines [2, 6, 14] . These targeting moieties can be grafted onto a nanoparticle surface, allowing selective recognition and binding to prostate cancer cells and tissues. This approach has enabled the development of several nanoparticle probes able to detect and/or treat prostate cancer murine models [2, 6, 20] .
Despite the promising advancements in drug delivery and imaging nanomedicines for prostate cancer using PSMA as a target, the consequence of the intrinsic heterogeneity of the disease is that not all prostate cancer cells overexpress this receptor and PSMA expression varies with the aggressiveness and stage of the malignancy [18] . This difference highlights the main pitfall of a strategy that exclusively relies on PSMA targeting, and we propose that further target biomarkers should be considered to maximize the efficacy of personalized nanomedicines for a broader cross-section of patients. To this end, high levels of tyrosine kinase activity have been found in several tumor cells, including those from prostate cancer [21] . From this family, EphA2 transmembrane receptor, present in the epithelial and endothelial cells, has shown upregulation on aggressive carcinomas, and is emerging as an interesting target for nanomedicine delivery that could also reduce tumor growth and metastasis [7, 21] . Having said that, however, we have only found one example using an anti-EphA2 nanotheranostics for prostate cancer, which interestingly shows higher selectivity toward the receptor target when compared with the same nanomaterial targeted to PSMA [7] .
Another targeting strategy that has been investigated in cancer therapy is angiogenesis, since solid tumors growth depends on the formation of new blood vessels [14] . Prostate cancer is no exception, and angiogenesis is one of the key processes involved in tumor growth and metastasis [22] . One of the most proangiogenic factors is VEGF, which is commonly overexpressed in prostate cancer samples compared with benign tissue and is present in metastatic disease or castration-resistant prostate cancer [22] . However, this targeting strategy has not been fully exploited in precision nanomedicine for prostate cancer. VEGF could be targeted not only by conjugating a monoclonal antibody to the nanomedicine, but also by using the nanomedicine to deliver a siRNA with an antiangiogenic gene effect to suppress tumor growth [23] .
In many cases, hypoxia and angiogenesis go hand in hand as poor oxygenation is a strong driver of tumor neovascularization [24] . Hypoxia can lead to cancer metastasis and treatment failure due to chemo-and radioresistance [24, 25] . Because of the difficulty of drug delivery to hypoxic tumor cells that are far from the vasculature, targeting hypoxia has recently emerged as a promising tool in precision nanomedicine. This may reflect the ability of some nanoparticles to penetrate deeper within the tumor, combined with the conjugation of tumorpenetrating peptides [26] , while 'smart' nanomaterials have also been developed to release cargo in response to hypoxic signals [27, 28] . The most commonly exploited hypoxia-related biomarker is HIF-1, which is activated under hypoxic conditions [25] . Nanomedicine offers the possibility to target HIF-1 by coupling HIF-1 inhibitors such as siRNA to the nanoparticles [28, 29] . These encouraging results, however, have only been seen for other cancer types like glioblastoma, and the strategy has yet to be applied to prostate cancer.
Imaging and therapeutic targeting of metastatic cells and micro-metastatic deposits is paramount to improving prognostication, staging and treatment of advanced or high-risk prostate cancer [30] . With the increasing clinical focus on detection and molecular profiling of CTCs, detecting and targeting CTCs using nanomedicine is a promising approach [2, 31] . EpCAM is a cell surface antigen expressed in CTCs and the main target biomarker found in the literature [31, 32] . Recently, the conjugation of anti-EpCAM antibodies to nanomedicines has been exploited to target CTCs with interesting results in, for example, breast cancer [32] . The emerging data on genomic and transcriptomic profiling of these rare circulating cells, which are often distinct from the primary tumor, will underpin the design and implementation of more sophisticated and individualized nanomedicine strategies to improve patient outcomes.
Conclusion
The use of precision nanomedicine in prostate cancer has great potential as a novel approach to combat the limitations of current therapies in both localized and metastatic disease settings. However, in order to achieve this potential, we need to broaden our horizons and start exploring new ways to target these nanomedicines with improved precision. Thus far, researchers have been mainly relying in either passive accumulation via EPR effect or active targeting through the recognition of PSMA receptors. However, the discovery and development of other targeting ligands and responsive nanoconjugates, combined or alone, will be necessary to address the marked heterogeneity that is inherent to prostate tumors and between patients. We also argue that the expansion of these research efforts must include use of preclinical models that incorporate the heterogeneity and complexity of clinical prostate tumors, rather than immortalized cell lines that lack relevance to clinical disease. This will necessitate collaboration between nanobiomaterialists and tumors biologists to ensure the development of effective nanomedicines with optimal properties and identify and validate more clinically-relevant biomarkers that can be translated to personalized tumor targeting and treatment. No writing assistance was utilized in the production of this manuscript.
future science group www.futuremedicine.com
